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F 0 F 1 ATP synthase is a ubiquitous and highly conserved enzyme, found in the cytoplasmic membrane of prokaryotes and in the mitochondria of eukaryotes, which synthesizes most of the ATP used by most organisms on the planet. The rotary mechanism of this enzyme is well-established [1] [2] [3] [4] [5] . F 0 is a membrane-bound rotary motor driven by the protonmotive force, an electrochemical ion gradient across the membrane. F 1 is also a rotary motor, but driven by ATP hydrolysis [6] [7] [8] . In the complete F 0 F 1 enzyme the rotors (γ γ and ε ε subunits in F 1 and the c-ring in F 0 ) and stators (α α 3 β β 3 δ δ in F 1 and a and b subunits in F 0 ) of both motors are joined together, so that rotation of the two motors is directly coupled. The orientation of the motors is such that they are trying to rotate in opposite directions. Under normal physiological conditions F 0 is stronger: thus F 0 rotates forwards and drives F 1 in reverse, and the overall result is the synthesis of ATP driven by the protonmotive force ( Figure 1A) By pushing F 1 backwards to synthesize ATP and subsequently measuring the increased forwards rotation rate of the same molecule, Rondelez et al. [9] found that each F 1 molecule also synthesizes three ATP molecules per revolution, thus demonstrating that the enzyme is tightly coupled in both directions. They also confirmed the importance of the ε ε-subunit, which was necessary for coupling backwards rotation to synthesis but not for coupling hydrolysis to forwards rotation.
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